CARoma therapy: pleasant scents promote safer driving, better mood, and improved well-being in angry drivers by Dmitrenko, Dmitrijs et al.
CARoma Therapy: Pleasant Scents Promote Safer Driving,
Better Mood, and Improved Well-Being in Angry Drivers
Dmitrijs Dmitrenko1, Emanuela Maggioni1, Giada Brianza1,
Brittany E. Holthausen2, Bruce N. Walker2, Marianna Obrist1
1SCHI Lab, School of Engineering and Informatics, University of Sussex, Brighton, UK
2Sonification Lab, Georgia Institute of Technology, Atlanta, GA, USA
1{d.dmitrenko, e.maggioni, g.brianza, m.obrist}@sussex.ac.uk
2{brittany.holthausen, bruce.walker}@psych.gatech.edu
ABSTRACT
Driving is a task that is often affected by emotions. The
effect of emotions on driving has been extensively studied.
Anger is an emotion that dominates in such investigations.
Despite the knowledge on strong links between scents and
emotions, few studies have explored the effect of olfactory
stimulation in a context of driving. Such an outcome provides
HCI practitioners very little knowledge on how to design for
emotions using olfactory stimulation in the car. We carried out
three studies to select scents of different valence and arousal
levels (i.e. rose, peppermint, and civet) and anger eliciting
stimuli (i.e. affective pictures and on-road events). We used
this knowledge to conduct the fourth user study investigating
how the selected scents change the emotional state, well-being,
and driving behaviour of drivers in an induced angry state. Our
findings enable better decisions on what scents to choose when
designing interactions for angry drivers.
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Notification Systems; In-Car User Interfaces; Emotions.
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INTRODUCTION
Drivers may experience a whole range of emotions. Never-
theless, research on emotions and their influence on driving is
mainly focused around anger [35, 54, 23]. This is understand-
able, since anger promotes dangerous driving [21], becoming
the key reason for road traffic accidents [26]. Anger leads to
more errors [35, 22], stronger acceleration [36, 54], and higher
mean speed [54] than e.g. in the neutral state. For this reason,
interventions for reducing anger should be a research priority.
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No other human sense has such a strong link to emotions as
the sense of smell [2]. Scents can improve our mood [29] and
help us relax [32]. Car manufacturers (e.g. Mercedes-Benz
[14], BMW [7], and Bentley [6]) have already started includ-
ing olfactory interfaces in their high-end vehicles to increase
the well-being of the driver and passengers. Nevertheless,
the choice of scents, the elicitation of specific emotions, and
the impact of olfactory stimulation on the driving behaviour
in these products are unknown. Also, the academic research
offers only very few insights on the influence of scents on
emotions in the driving process [4, 53]. This issue may lead
to designers choosing the wrong scent for a specific type of
driving behaviour. To start tackling this problem, we define
the following research question: Scents of what arousal and va-
lence levels can reduce the negative emotion of angry drivers?
The key contributions of our paper are summarised below:
• Mapping different scents on the arousal/valence circumplex,
covering different quadrants of this two-dimensional space.
• Identifications of anger-eliciting IAPS (International Affec-
tive Picture System) [39] pictures.
• Identification of anger-eliciting on-road events.
• First empirical evidence for the positive effect of high/low
arousal scents on reducing drivers’ negative emotions.
Figure 1: After having experienced anger-inducing on-road events (e.g.
a car cutting off), drivers describe the valence of their emotional state
as neutral in the water (clean air) condition, as positive in the rose and
peppermint conditions, and as negative in the civet condition.
RELATED WORK
We structured the related work around three research areas:
Emotions While Driving
Following the method proposed by Wilson et al. [62], we
looked into the Emotions Circumplex established by Russell
[55]. This model helped us gain an understanding of a wider
spectrum of emotional labels and their mapping on the four
quadrants of the arousal and valence dimensions, to tackle
the problem of analysing driver’s emotions more efficiently.
Anger is an emotions that lies in the “high arousal, negative va-
lence” quadrant. Roidl et al. [54] have found that anger leads
to stronger acceleration and higher speed. Jeon et al. showed
that anger also leads to more errors [36] and a degraded driving
performance [35]. Chan and Singhal [12] demonstrated that
distraction charged with negative emotions leads to reduced
lateral control and slowed driving speed. Hayley et al. [26]
showed that poor emotional control may impede the ability to
drive safely. Finally, Eherenfreund-Hager et al. [22] confirmed
that the arousing negative affect leads to increased risky driv-
ing. This area of research shows how negative emotional states
(e.g. anger) are tied to negative driving behaviour. Therefore,
minimising these negative emotions is of utmost importance.
Olfactory displays are promising for this application due to
the strong connection between emotions and scents [2].
Stimulating Different Senses
Prior research on emotions has mainly demonstrated that it is
possible to improve the driving performance using visual and
auditory stimulation. For example, displaying positive words
to participants during the driving resulted in a decreased lane
deviation [12]. Drivers who listened to either happy or sad
music made significantly fewer errors than those who did not
listen to music [23]. It has also been shown that participants
drove significantly slower after the music had faded from the
front to rear speakers [11].
Positive impact on the driver’s emotions can also be achieved
by using tactile stimulation. For example, vibrations in the
driver’s seat have been demonstrated to be less annoying and
more appropriate in collision warnings studies [40].
Olfactory stimulation is still little explored [19], despite its
potential benefits (e.g. a link to emotions and memories [28]).
The Use of Scents While Driving
Prior studies have revealed that scents can improve drivers’
braking performance [43] and have a positive impact on the
alertness and emotions of the driver [4, 53]. Moreover, olfac-
tory stimulation has been proven to have a positive effect on
keeping drowsy drivers awake [66, 24, 30, 51, 65]. Scents have
also been demonstrated to be useful for conveying driving-
related information [19, 18, 16].
Initial findings on the effect of scents on drivers’ emotions sug-
gest that the scent of lemon results in a significant increment
of participants’ positive affect [4], and scents of peppermint
and cinnamon reduce frustration [53]. Thus far, there are no
studies that aim to determine if olfactory displays can be used
to reduce negative emotional states while driving. Such a study
is, however, essential to help HCI practitioners make informed
decisions regarding the choice of scents when designing for
driver’s emotions.
In summary, while the olfactory interface and experience de-
sign, especially in an automotive context, comes with chal-
lenges (e.g. confined space, lingering, interpersonal differ-
ences [15]), we can build on advances in the understanding
of olfaction as an interaction modality [16, 42] and advances
in scent-delivery technology [15]. Latest techniques of scent
delivery and extraction [18, 15] have shown that it is possible
to enable quick detection of scents by the driver (10s), short
lingering time (9s), and rapid switching between scents (just
19s is enough to neutralise the previous scent).
In the next sections, we will present the process of choosing
scents and anger eliciting visual stimuli. We will then explain
how these olfactory and visual stimuli were used to study the
participants’ emotions, well-being, and driving behaviour.
OVERVIEW OF STUDIES
This paper presents the total of four studies investigating the
effects of scents on drivers in an induced angry state:
• Study 1: Mapping different scents on the arousal/valence
circumplex (i.e. identifying suitable scents).
• Study 2: Identifying the anger-eliciting pictures among the
negative valence and high arousal IAPS [39] pictures.
• Study 3: Identifying anger-eliciting on-road events. Studies
2 and 3 have been conducted to identify the suitable anger-
eliciting stimuli for the main study (i.e. Study 4).
• Study 4: Investigating the effects of different arousal and
valence scents on emotions, well-being, and the driving
behaviour of participants in an induced angry state.
All four studies were approved by the the Ethics Committee
of the University of Sussex. Details of these studies are pre-
sented below. All participants were carefully screened to make
sure they have no respiratory problems, no scent allergies, no
adverse reactions to scents, and that they are not pregnant.
STUDY 1: MAPPING SCENTS
We initially conducted an exploratory scent rating study during
a public science fair (like in [13]) in which we collected data
on valence and arousal of 11 different scents (i.e. black pepper,
cedarwood, eucalyptus, juniper, lemon, patchouli, peppermint,
pine, rose, vanilla, and ylang-ylang). However, as the results
of this study were not conclusive (i.e. no strict borders be-
tween valence and arousal quadrants) and not from a lab-based
exploration, we decided to validate them in Study 1.
The aim of Study 1 was to validate the mapping of the scents
of rose, peppermint, and patchouli on the valence and arousal
quadrants. To add a “negative valence, high arousal” scent, we
included a civet scent (fragrance oil from Plush Folly Ltd) [5].
The idea of this study was not to select specific scents but to
pick one scents from each cluster of scents (i.e. arousal and
valence quadrant) for further investigation.
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Civet
Arousal: M= 3.95 (SD= 1.25)
Valence: M= 1.59 (SD= 0.96)
Peppermint
Arousal: M= 3.86 (SD= 1.04)
Valence: M= 4.00 (SD= 0.87)
Patchouli
Arousal: M= 3.45 (SD= 1.14)
Valence: M= 2.36 (SD= 1.18)
Rose
Arousal: M= 2.18 (SD= 1.05)
Valence: M= 4.18 (SD= 0.85)
Figure 2: Mean Arousal (1= “Low”, 5= “High”) and Valence (1= “Nega-
tive”, 5= “Positive”) ratings of fours scents.
Design
We conducted a within-participants study asking the partici-
pants to rate four scents (peppermint, rose, patchouli, civet).
Setup
Participants sniffed the scents from identical bottles located
on a table. Each bottle contained 10ml of essential oil. They
sniffed each bottle for 2s, with intervals of 20s (as in [37, 60]).
Procedure
After sniffing each scent, participants were asked to
rate the valence and arousal of each scent using Self-
Assessment Manikins (SAM) [8] on a 5-Point Likert scale
(1= “low/negative”, 5= “high/positive”, see Figure 2).
Results
22 participants, 20-38 years old (M= 28.68, SD= 5.38, 6
females) volunteered for this study.
A normality test showed that the scent ratings were normally
distributed. We did a repeated measures ANOVA test to anal-
yse the data and found a main effect of scents on the arousal
(F(3, 19)= 11.26, p< .001; Wilks’ λ= .360) and valence (F(3,
19)= 39.86, p< .001; Wilks’ λ= .137) ratings. The results of
this study (see Figure 2) confirmed that the scent of pepper-
mint has positive valence and high arousal, the scent of rose
has positive valence and low arousal, and the scent of civet
has negative valence and high arousal. Only patchouli was not
rated as expected, landing in the same quadrant as civet.
STUDY 2: IDENTIFYING ANGER-ELICITING PICTURES
Related work suggests such approaches of inducing emotions
in participants as re-visiting an emotional situation from the
past [36, 35], showing videos [23, 56], presenting emotionally
charged words on traffic signs [22], delivering emotionally
charged voice signals during the driving [12], and asking par-
ticipants to imagine they were late on their way to work [54].
We used IAPS to elicit anger due to three reasons:
1. driving is a highly visual task, and visual stimuli have al-
ready been successfully applied for eliciting anger in simu-
lated driving studies in the past [23, 56, 22],
2. the effect of IAPS is comparable with auditory stimuli [41],
3. with IAPS we can be sure that we will elicit an emotion
of the required arousal and valence levels, as it has been
validated through a multitude of studies in HCI (e.g. [61]).
IAPS provides information on the arousal, valence, and domi-
nance ratings of each picture. However, it is not clear which
“high arousal, low valence” pictures specifically elicit anger.
With this study, we were able to find this out.
Design
We conducted a within-participants study in which each par-
ticipant had to observe and rate ten different IAPS pictures.
Setup
With a few exceptions for the pictures showing traffic acci-
dents, most of the IAPS pictures are not related to driving.
We chose ten negative valence and high arousal pictures (see
Table 1) to be rated on a computer screen.
Procedure
Participants saw each picture for 5s and rated them by an-
swering the following question: “How angry does this picture
make you feel?” (1= “Not angry at all”, 7= “Very angry”).
Results
28 participants, 23-53 years old (M= 30.25, SD= 5.92, 16 fe-
males) volunteered for this study. A Shapiro-Wilk test showed
a significant departure from normality for all the variables. We
conducted a Friedman test and found a statistically significant
difference in the effect of pictures on anger ratings (χ2(9)=
99.7, p< .001). Three pictures with the highest mean anger
ratings (i.e. #6212, #6313, and #9410) were chosen to induce
anger in participants before the driving task (see Table 1).
Picture Description Anger rating:M (SD)
#6212 Soldier pointing a gun at a child 6.07 (1.67)
#6313 Man attacking a woman 5.90 (1.65)
#6563 Gun pointed at a teenager’s head 5.55 (1.74)
#9040 Person suffering from starvation 5.59 (1.97)
#9250 Medical staff with an injured person 4.52 (2.16)
#9410 A man carrying an injured child 6.00 (1.79)
#9413 Two men about to be hanged 5.55 (1.76)
#9635_1 Person being set on fire 5.62 (1.90)
#9908 Traffic accident 3.90 (2.04)
#9921 Fire-fighters saving a person from fire 4.28 (2.09)
Table 1: IAPS pictures studied to establish anger-eliciting stimuli, with
the corresponding ratings. Three pictures that got selected for the main
study are highlighted in bold.
STUDY 3: IDENTIFYING ANGER-ELICITING EVENTS
Besides inducing anger in participants before the driving phase,
it is important to keep them angry throughout the driving. We
conducted a study to investigate which on-road events make
drivers angry. The related work showed that displaying emo-
tional stimuli on signs [22] and making drivers wait [54] helps
keep them angry. We wanted to explore further scenarios.
Design
We ran a between-participants study with two conditions. In
the first condition, participants experienced 12 different anger-
eliciting on-road events. In the second condition, before expe-
riencing the 12 anger-eliciting events, participants also viewed
three IAPS pictures (see Table 1) before the driving phase.
Dashboard
Scent Delivery Tube
Figure 3: Participant sitting in the driving simulator.
Setup
We developed the course using the IPG CarMaker software.
The participants were sitting in a driving simulator seat (FK
Automotive) equipped with the Logitech G27 steering wheel in
front of the main screen (55”, 60Hz refresh rate), on which the
view outside the car from driver’s position was rendered. The
dashboard was presented on an additional screen (17”, 60Hz
refresh rate), in front of the main screen (see Figure 3).
Procedure
In the condition with IAPS pictures shown before the driving,
pictures were shown on the simulator’s main screen, in its full
height. Pictures appeared in a randomised order, for 5s each.
In both conditions, during the driving phase, there were no
anger-eliciting events in the first 90s, so that participants could
become familiar with the simulator [52]. After this stage, one
of the 12 events (see Table 2) took place every 30s.
Event
Anger rating
in two conditions:
1: M (SD) 2: M (SD)
IAPS picture #6212 on a billboard 4.86 (1.95) 3.86 (1.68)
IAPS picture #6313 on a billboard 5.14 (2.27) 4.29 (1.80)
IAPS picture #9410 on a billboard 4.14 (2.12) 4.86 (1.35)
30s waiting time at a traffic light 3.14 (1.35) 2.57 (1.13)
Car cutting off 5.43 (2.07) 5.29 (2.06)
Slow zigzagging lead vehicle 4.57 (2.30) 5.71 (2.21)
Cyclist cutting off 5.14 (2.19) 5.00 (1.53)
Pedestrian suddenly crossing the road 4.00 (2.31) 5.00 (1.53)
Child playing with a ball on the street 3.86 (1.68) 2.43 (1.13)
Sheep suddenly appearing on the road 3.86 (1.68) 2.29 (1.89)
Unmarked roadworks site 3.57 (1.72) 3.57 (2.23)
30mph limit on a straight rural road 4.29 (1.38) 3.71 (2.36)
Overall experience 4.43 (1.81) 4.57 (1.81)
Table 2: Anger-eliciting on-road events studied to select stimuli for the
driving phase of the main study in two conditions: (1) without and (2)
with anger-eliciting IAPS pictures shown to the participants prior to the
driving phase. Events chosen for the main study are highlighted in bold.
After the driving phase, the participants were asked to rate how
angry each event, and the drive as a whole, made them feel,
on a 7-Point Likert scale (1= “Not angry at all”, 7= “Very
angry”). Such a rating procedure has been chosen in order not
to interrupt the driving task [58]. This study took 10 minutes.
(a) Erratic pedestrian (b) Zigzagging car
(c) Cyclist cutting off (d) Car cutting off
Figure 4: Four anger-inducing on-road events: (a) a pedestrian suddenly
crossing the road, (b) a slow zigzagging vehicle that needs to be over-
taken, (c) a cyclist cutting off, (d) a car cutting off.
Results
14 participants (seven per condition, three females in each)
in the age of 23-43 years old (M= 30.14 years, SD= 6.06)
volunteered for this study. Participants’ driving experience
varied between 2 and 23 years (M= 8.93, SD= 6.18).
We ran a normality test and found that data was normally
distributed. After confirming the normality, an independent
t-test was conducted to determine if there was a difference
in average anger ratings between the two conditions (IAPS
pictures followed by on-road events and just on-road events).
The results showed no significant differences in the anger
ratings of the different events between the two conditions and
also within each condition.
As the anger rating of the overall driving experience was
slightly higher for the condition where the IAPS pictures were
displayed before the driving, we decided to use this approach
in the main study and exclude pictures from the billboards.
For further exploration, we decided to use only the four most
highly rated events (see Table 2, highlighted in bold): a car
cutting off, a slow zigzagging lead vehicle, a cyclist cutting
off, and a pedestrian suddenly crossing the road.
STUDY 4: INVESTIGATING THE EFFECTS OF SCENTS
In Studies 1-3, we chose a set of scents representing different
quadrants of the arousal/valence dimensions, a set of anger-
inducing IAPS pictures, and a set of anger-inducing events.
Design
This study followed a 1(emotional state: anger)×4(scents:
rose, peppermint, civet, water/clean air as a control stimulus)
mixed model experimental design, with three main steps:
1. Familiarisation with the driving simulator,
2. Inducing anger in participants by displaying three emotion-
ally charged IAPS [39] pictures (see Table 1).
3. Driving through a course composed of anger-inducing
events (see Figure 4) under an effect of one of the four
scents (rose, peppermint, civet, or water/clean air)
Briefing
(3 min.)
Familiarisation with 
the driving simulator
(5 min.)
IAPS
(2 min.)
Driving through a course with 16 
anger-inducing on-road events
(10 min.)
SAM
One event every 30s
(4 events × 4 repetitions)
Scent of the condition delivered for 5s 
(10s before each event)
Post-driving 
questionnaire
(5 min.)
SAM
Interview + 
Debriefing
(5 min.)
(1) (2) (3) (4) (5) (6) + (7)
SAM
Figure 5: The timeline of the Study 5 procedure.
We used the mean lane deviation (vehicle’s deviation from the
centre of the lane in metres) as a measure of the participants’
driving performance. The mean steering angle (in radians),
the average speed (in mph), and the number of collisions were
used to assess the driving behaviour. We also analysed the
catastrophic road excursions (as per Mok et al. [46]) - events
of the ego car leaving the road.
Setup
Driving Simulator
Here, we used the same driving simulator setup as in Study 3.
The course was built using the IPG CarMaker software, based
on the four anger-inducing events extracted from Study 3. The
software used to log the driving data (using the CarMaker
API) and to control the scent-delivery device was written in C.
Scent-Delivery Device
For this study, we have assembled and used a scent-delivery
device (as per [15]). The study was conducted in an olfactory
interaction room (as per [15]).
Our scent-delivery device contained four scent chambers. The
first two were filled with 6g of 100% pure essential oil of rose
and peppermint (from Holland & Barrett Int. Ltd.), chamber
three contained 6g of the civet scent (from Plush Folly Ltd),
and chamber four was filled with 6g of water (odourless water
used as a neutral stimulus). The scent was delivered with the
air pressure of 0.5bar.
The output of the scent-delivery device was located behind
the steering wheel and pointed towards the participants’ face
(as in [18]). Participants wore headphones playing the engine
sound to cancel any potential external sounds.
Procedure
In this section, we will cover the procedure (see Figure 5) of
this study, which consisted of the following seven steps:
Briefing
Upon arrival, participants were given the information sheet,
driving instructions, and a consent form to sign. The driving in-
structions contained clear guidance regarding the driving rules,
such as the speed limits. Participants were then asked to rate
their current emotional state using the SAM [8] questionnaire
and take a seat in the driving simulator.
Familiarisation With the Driving Simulator
Participants then became familiar with the driving simulator
by driving on a rural highway for approximately five minutes.
Inducing Anger Using IAPS Pictures
Next, participants were shown three IAPS pictures. Partici-
pants were provided information about the graphic content
in the Information sheet given at the beginning of the study.
The three IAPS pictures (see Table 1) were displayed taking
the full height of the screen. Each picture appeared for 5s,
and the order of their presentation was randomised. After this,
participants were again asked to rate their emotional state by
filling in the SAM questionnaire.
Driving Through an Anger-Inducing Course
After the anger induction stage, participants were asked to
drive straight, through a rural setting, respecting the speed
limits (40-60 mph, shown on signs), until the simulation ended.
They were instructed to expect traffic on the road, but no
information on critical events was given. The course consisted
of four anger-eliciting events (see Figure 4). One of these
events appeared every 30s after the start of the driving phase.
Each event was repeated four times (16 events in total), and
the order of their occurrences was randomised. Ten seconds
before each event, a scent of the condition was released, which
is the time necessary for the scent to get perceived by the user
in such a setup, as suggested by [15]. Each scent-delivery
event lasted five seconds, in order to ensure that participants
inhaled each scent [50]. Each participant received only one
scent (a between-participants condition): rose, peppermint,
civet, or clean air (control stimulus). As the events appeared
every 30s, the scent-delivery frequency was 30s too, enough
to neutralise the previously delivered scent [15, 49].
Post-Driving Questionnaire
After the driving phase, participants were asked to rate their
emotional state one more time by completing the SAM ques-
tionnaire. Participants were also asked to answer questions on
the liking, comfort, and intensity of the scent (as per [18]), as
well as about their demographic data.
Post-Driving Interview
The experiment finished with a short semi-structured interview
conducted to gain additional insights about how the partici-
pants felt. The interview was audio-recorded and structured
around the following four questions:
1. How did the pictures make you feel?
2. How did the on-road events make you feel?
3. How were your emotions influenced by the scent?
4. How was your driving behaviour influenced by the scent?
Debriefing
After the end of the interview, participants received a Debrief-
ing Sheet and a £5 Amazon Voucher for their participation.
Overall, the study lasted about 30 minutes.
Results
In this section, we summarise our results on the participants’
emotions, driving performance/behaviour, negotiation of criti-
cal events, and their experience with the scents.
Participants
A total of 40 participants were recruited for the study (10 per
condition, four females in each). The age ranged from 19
to 59 years (M= 30.73, SD= 9.11). Their reported driving
experience ranged from 1 to 41 years (M= 9.28, SD= 9.07).
Emotions Before Driving
A Shapiro-Wilk test showed a significant departure from nor-
mality for all the variables. We run a Wilcoxon-Signed-Ranks
test to compare the means between two variables. We com-
pared the valence of the emotions before the experiment with
its value after the IAPS pictures were shown. The same com-
parison was done for the corresponding arousal ratings. Con-
cerning the valence ratings, the test indicated that the valence
before the experiment (mean rank= 17.52) was significantly
higher than after viewing the IAPS pictures (mean rank=
11.00, Z= -4.058, p<.001). Concerning the arousal ratings,
the test indicated that the arousal before the experiment (mean
rank= 10.33) was statistically lower than after viewing the
IAPS pictures (mean rank = 13.22, Z= -2.611, p< .01).
This means, at the start of the study, all participants were calm
(as per [55]). After viewing the IAPS pictures, participants’
self-reported emotional state shifted towards the negative va-
lence and high arousal quadrant (see Figure 6), which also
contains the anger emotion (as per [55]).
Emotions After Driving
After having driven through an anger-inducing course, partic-
ipants reported still being aroused (all mean arousal ratings
were above three on a 5-Point Likert scale). There was a clear
distribution of the emotions over the negative and positive
valence quadrants (see Figure 7), however, this was not sup-
ported by the statistical tests. A Shapiro-Wilk test showed a
significant departure from normality for all the variables in
this dataset. The Kruskal Wallis test showed no statistically
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Figure 6: Mean Arousal (1= “Low”, 5= “High”) and Valence (1= “Nega-
tive”, 5= “Positive”) ratings of the participants’ self-reported emotional
state before and after the anger induction procedure, prior to the start
of the driving phase.
significant differences in the arousal (χ2(3)= 5.39, p= .145,
median= 3.0, 25th quartile= 2.0, 75th quartile= 4.0) and va-
lence (χ2(3)= 2.87, p= .412, median= 3.5, 25th quartile= 3.0,
75th quartile= 4.0) ratings. We also checked for the changes
of the self-reported emotions between the three points of time:
before the experiment, after viewing the IAPS pictures, and
after driving. The Friedman test showed a statistically signif-
icant effect of timing on the arousal (χ2(1)= 6.76, p< 0.01)
and valence (χ2(1)= 5.76, p< 0.05) ratings. There was no
significant interaction between the time and the scent for the
arousal (p= .320) and valence (p= .104).
Driving Performance and Behaviour
The Shapiro-Wilk Normality Test showed (p= .02) for the
lane deviation and the steering angle, and (p= .04) for the
average speed. For this reason, we compared the means of the
four conditions using the non-parametric Kruskal-Wallis H
Test (as per [45]). The test showed no statistically significant
differences for lane deviation (χ2(3)= 6.15, p= .11), steering
angle (χ2(3)= 2.86, p= .41), and average speed (χ2(3)= 4.99,
p= .17). These results are summarised in Table 3.
Negotiating Critical Events
While experiencing critical events (e.g. car cutting off), it
was important for the participants to avoid collisions. How-
ever, only five participants out of 40 (three in rose and two
in peppermint conditions) were able to complete their driving
without colliding into another vehicle, a bicycle, or a pedes-
trian. A Shapiro-Wilk test showed a significant departure from
normality for all the variables in this dataset. The Kruskal
Wallis test showed statistically significant differences in the
number of collisions between the scents (χ2(3)= 26.27, p<
.001, median= 1.0) with the highest number of collisions in
the civet condition (see Figure 8). However, no significant
differences were found in the binary measures of catastrophic
road excursions (χ2(3)= 7.13, p= .068, median= .0). No ex-
cursions were recorded in the rose condition. There were two
such occurrences in the water (clean air, control) and pepper-
mint conditions. Finally, half of all 10 participants in the civet
condition had experienced an excursion.
Scent Comfort and Liking Ratings
After the experiment, participants were asked to rate how much
they liked interacting with the scent and how comfortable that
was on a 5-Point Likert scale (1= “Not at all”, 5= “Very
much”). A Shapiro-Wilk test showed a significant departure
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Figure 7: Mean Arousal (1= “Low”, 5= “High”) and Valence (1= “Nega-
tive”, 5= “Positive”) ratings of the participants’ self-reported emotional
state after the driving in the water (clean air), rose, peppermint, and
civet conditions.
Condition Mean (SD)
Water/Clean Air Rose Peppermint Civet
Lane Deviation (m) .44 (.11) .52 (.26) .71 (.50) .73 (.33)
Steering Angle (rad) .09 (.01) .10 (.03) .09 (.02) .11 (.03)
Average Speed (mph) 46.68 (6.95) 42.95 (7.41) 44.63 (6.71) 48.83 (7.47)
Table 3: Mean scores and standard deviations of the objective driving performance and behaviour data.
from normality for all the variables in this dataset. The Kruskal
Wallis test showed no statistically significant differences in the
scent liking ratings (χ2(3)= 6.32, p= .097, median= 4.0) and
a significant effect of scents on the comfort ratings (χ2(3)=
7.81, p= .05, median= 4.0) with rose rated significantly higher
than civet (see Figure 9).
Interview Responses
All interviews were transcribed and open coding was used
to analyse the data. Below we summarise participants’ im-
pressions on the anger-induction procedure and the effects of
scents on their emotions and driving.
85% of participants had confirmed being negatively affected
by the anger-inducing pictures shown at the very beginning
of the experiment. These participants have described their
emotional state as disturbed/distressed/upset/uncomfortable
(17), angry/frustrated (16), sad (16), not happy/not posi-
tive/negative/bad (5), unpleasant/irritated/disgusted (5), dis-
appointed/discouraged (2), confused (2), insecure (1) and
stressed (1). For example, P20 described their emotions in the
following way: “These are not very pleasant pictures. Espe-
cially the last two were a bit disturbing because there were
young kids involved in a war... They made me feel mostly an-
gry.” Those who did not report being affected by the pictures
(15%) explained this by the fact of being exposed to such con-
tent regularly. For example, P31 said: “The content is really
strong, but that is something I am used to seeing through news,
movies, and social media.”
93% of participants had confirmed being negatively affected
by the on-road events (i.e. a pedestrian suddenly crossing the
road, a slow zigzagging car, a bicycle cutting off and a car cut-
ting off) experienced in the driving simulator. They described
their feelings as angry/frustrated/furious/annoyed/pissed
off/irritated/impatient (25), having experienced something
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Figure 8: The mean number of collisions in the water (clean air, control),
rose, peppermint, and civet conditions. Error bars, ± s.e.m., ∗p< .05;
∗∗∗p< .001
unexpected/unpredictable/crazy/unsafe/random/hectic (15),
stressed (7), anxious/worried (3), upset/distressed/discouraged
(3), confused (2) and cautious (1). For example, P15 said: “I
felt a little annoyed by the pedestrians. They were everywhere
and unexpected. Drivers were like drunk, and they made me
angrier than the pictures.” Those, who said they did not feel
affected, explained this by either knowing that they are in
a safe simulator environment, or having had similar virtual
experiences in the past, or generally being a very calm person.
For example, P18 said: “I did not really feel anything. If they
were real, where they would put my life under threat, then I
am sure I would be very annoyed.”
As the descriptors used by the participants lie in the “anger”
(high arousal, negative valence) quadrant of the emotions cir-
cumplex [55] and the number of affected participants went up
after having experienced anger-eliciting on-road events, the
anger-induction procedure can be considered successful.
Perceived Emotions
Here, we summarise the interview responses on the partici-
pants’ emotions during the experiment (see Figure 10).
All 10 participants who smelled rose said this scent made them
feel less nervous (1), more relaxed/peaceful/settled/soothed
(5), positive (1), attentive (1), positively affected (1), and less
emotional (1). For example, P35 said: “It made me feel more
relaxed... It was nice to have it in the car.” and P9 said: “It
did positively affect me, it slowed me down.”
6/10 participants who smelled peppermint highlighted the
arousing and hedonic properties of this scent. They said that
it made them positively affected (1), happy (1), more atten-
tive/aware (3) and comfortable (1). For example, P33 said:
“One thing for sure is that I was more aware of the events be-
cause of the scent.” 2/10 participants claimed the scent made
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Figure 9: Mean Comfort (left bar) and Liking (right bar) ratings (1=
“Not at all”, 5= “Very much”) of interacting with the scents. Error bars,
± s.e.m., ∗p< .05;
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Figure 10: Percentage of participants having experienced each emotion
in the process of driving.
them more relaxed because it acted as a notification and pre-
vented them from speeding or crashing. For example, P11 said:
“It made me calmer. Without it I would crash four times!”
4/10 participants who smelled civet underlined the negative ef-
fect of this scent. They said that the scent made them irritated/
annoyed (2), negatively influenced (1), and confused (1). For
example, P5 said: “I felt a strong negative influence. I was
nervous and not relaxed.”, whereas P38 said: “When I got the
smell, I was really annoyed, and I wanted to finish the driving
faster.” 3/10 participants reported being better prepared (1),
more focused (1), and able to rethink the situation (1) with the
help of the scent. For example, P28 said: “There was a mo-
ment when the smell arrived just while I was passing or when
I was doing a curve, and I was going too quick... That was
an occasion to rethink what has happened.” However, these
responses do not tell us much about the participants’ emotional
state. Surprisingly, two of these participants reported that they
liked this scent (despite the low mean liking rating).
In the control (clean air/water) condition, 5/10 participants felt
more relaxed (e.g. due to fresh air). For example, P7 said:
“It was relaxing. It might have been just the airflow.” 3/10
participants reported being more alert. For example, P17 said:
“When it was coming through, I was thinking... OK, what’s up
ahead? It was like a warning to me.”
Perceived Driving Behaviour
Here, we summarise the interview responses on the partici-
pants’ perceived driving behaviour (see Figure 11).
5/10 participants who smelled rose claimed they drove in a
much more considered, cautious, and focused fashion thanks
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Figure 11: Percentage of participants having experienced each driving
behaviour change.
to the scent, which makes sense considering its calming effect
[18]. For example, P35 said: “In this particular case, I was
more aware to see if there is a dangerous situation or at least a
dangerous setting for a situation, like when a car would be on
the side of a road, and somebody could just jump out...” 3/10
participants felt that they drove in a more relaxed way due to
the scent. For example, P26 said: “It was quite a soothing
and relaxing smell... It helped me relax.”
7/10 participants who smelled peppermint said that the scent
made them more awake and activated on the road, leading
to both positive (e.g. preventing crashes) and negative (e.g.
speeding) consequences. For example, P31 said: “When you
are driving long ways, it could make you more aware, activate
you.” and P37 said: “There was one moment when I thought
I drove faster when the smell came.” 2/10 participants could
only highlight the hedonic advantages of the scent by saying
that it made their driving more comfortable. For example, P27
said: “If there is a good smell, I just feel comfortable.”
What it comes to the effect of civet scent on the driving, then
only 3/10 participants reported being influenced by its un-
pleasant properties. Participants said that they became more
irritated drivers, that their driving was negatively affected, and
that they were doing a lot of “illegal stuff”. For example, P5
said: “The scent influenced my driving negatively, I was ex-
ceeding the speed, I was not driving smoothly; there was no
positive effect.” Surprisingly, 5/10 participants argued they
felt that they became more attentive, focused, and alert drivers.
However, since the quantitative data showed that participants
had more crashes in this condition (see Figure 8), it might be
that in interviews participants were relying on the arousing
property of the civet scent, disregarding the negative valence.
For sure, there is an activating effect. It is, for example, re-
flected in a response from P22: “When you are driving, it’s
very repetitive. When you get a smell, you think... Oh! It
pitched me up a little bit!” However, the outcome of such a
pitch might not be positive.
In the control (clean air/water) condition, 4/10 participants
were not conclusive about any noticeable effect of the scent,
which was expected. However, 3/10 said that it made them
drive in a more alert way, be better prepared for the on-road
events, and speed up. Finally, the remaining 3/10 participants
found the scent relaxing. For example, P32 said: “When I
got the smell, it helped me relax and do the turns a little bit
better, a little bit less wobbly.” This might be due to fresh air,
as revealed in the responses on the emotional state.
DISCUSSION
Anger is one of the most dangerous emotions that a driver
can experience, leading to aggressive driving [21] and crashes
[26]. Finding a way of reducing anger might become crucial in
lowering the number of traffic accidents. The results of Study
4 led to a discussion on how the scents of rose, peppermint,
and civet influence the driving behaviour of participants in
an induced angry state, as well as how these scents affect
their emotions and well-being. We conclude with possible
implications for design beyond an automotive context.
Scents and Driving Behaviour
Our study has shown that the scent of rose resulted in the
lowest average speed (among all conditions) and a lane devi-
ation that is comparable to the control condition. In the rose
condition, participants also had no crashes and reported being
more cautious and relaxed due to this scent. This finding is
in line with the research on the relaxing effect of the scent
of rose [32]. This also means that if the scent of rose is used
to notify the driver about something (e.g. a “Passing by a
point of interest” event [18]), then, in addition to acting as a
notification modality, it could help the driver relax.
The scent of peppermint helped the participants maintain the
same speed as in the control condition and the participants
have reported being more activated thanks to this scent. If we
think of this scent as a notification modality for angry drivers
(e.g. to say “Fill gas” [18]), then it could fit also this purpose.
However, as it seems to be increasing the lane deviation, it
needs to be applied carefully. Potentially, it could be useful
on an empty road, but not in heavy traffic. Raudenbush et al.
[53] has demonstrated the scent of peppermint to increase the
driver’s alertness. In this study, peppermint helped participants
focus on the driving task and improved their reaction time.
This finding seems not to be true for angry drivers, though,
as, in our study, the number of crashes was not significantly
different between the peppermint and clean air conditions.
Punishment has been demonstrated to enforce correct be-
haviour [57]. That made us assume that a negative scent of
civet might be perceived by the participants as a punishment,
motivating them to be more careful on the road. However, we
saw that this scent resulted in a significantly higher number
of collisions. Moreover, it led to an increase in both the lane
deviation and the average speed. This finding suggests that the
civet scent is not a good choice for stimulating angry drivers.
This finding is in line with the conclusion of Ilmberger et al.
[33], who argued that strong unpleasant scents could nega-
tively influence people’s performance. Moreover, it is known
that arousal through music leads to better driving performance
if, and only if, the driving task is under-stimulating (arousal
increased to an optimal level) [10]. This finding could explain
why adding an scent with high arousal and negative valence
(like civet) to an already arousing and frustrating driving envi-
ronment leads to worse driving behaviour (over-stimulation).
Adding a scent which counters the driving situation with low
arousal and/or positive valence (like rose or peppermint) leads
to better driving behaviour.
Scents and Driver’s Emotions
For peppermint and rose, there was a clear shift of the self-
reported emotions towards the positive valence (both in the
qualitative and the quantitative data). As also expected, emo-
tional state in the peppermint condition was rated as more
aroused than in the rose condition. These findings are in line
with previous work [18]. The present study confirms that
arousing and calming effects of scents also work for angry
drivers (i.e. reduce their negative emotional state). Both pep-
permint and rose could make angry drivers happier (positive
valence), but they would still stay activated (high arousal).
As expected, participants in the civet condition reported the
highest negative valence and the highest arousal. The inter-
views confirmed this with nearly half of participants describing
their emotional state as highly aroused and a high negative
valence. That was expected, as civet is a strong and very un-
pleasant scent. This is in line with previous research [38],
where participants’ self-reported mood in the unpleasant scent
condition (e.g. dimethyl sulfide) was worse than in a pleasant
scent condition (e.g. lavender). It is, however, important to
consider the challenge of personal preferences here. In the in-
terview, 20% participants in the civet condition reported liking
this scent. This finding indicates, there might be drivers who
choose to have this unpleasant scent in their cars. Nevertheless,
the results of our study suggest that, if a driver is angry, the
scent of civet might only worsen their emotions, irrespective
of their personal preferences. This is important to take into
account when designing experiences for angry drivers.
The arousal rating of the driver’s emotions in the control con-
dition fell between the ratings of the peppermint and rose
conditions (i.e. in the higher range), and its valence stayed
neutral (see Figure 7). If we compare this to the self-reported
emotions before driving (see Figure 6), we can see that the
valence has shifted away from the negative range. As revealed
in the interviews, this might be due to an effect of fresh air,
found relaxing by a half of the participants in this condition.
Our findings suggest that, when designing olfactory experi-
ences to reduce anger in drivers, HCI practitioners should
avoid civet. Peppermint and rose could help improve the
driver’s mood. It might be possible to achieve the same mood
improvement effect by using scents of the comparable valence
and arousal levels (e.g. vanilla instead of rose and lemon
instead of peppermint). Such a swap might help solve the
problem of inter-personal differences, which we also observed
in our study. For example, interview responses revealed that
20% of participants in the peppermint condition claimed that
this scent made them calmer (e.g. because it is associated with
something “nice” and “comforting”). Therefore, we suggest
developing customisable olfactory interfaces (as suggested in
[63]). With such an interface, a driver could be offered a se-
lection of positive valence scents (e.g. lavender, vanilla, rose,
peppermint, lemon) and would then be asked to indicate which
ones they find calming and which ones arousing/activating.
This could help them avoid scents that they do not like and
find scents suited for anger reduction.
Scents and Well-Being of Angry Drivers
As expected, the scents of rose and peppermint appeared to be
the most suitable to increase the well-being of angry drivers,
as the comfort ratings of these two scents were the highest.
The scent of civet, on the contrary, had the lowest comfort
rating, also correlating with the worst driving behaviour.
On this point, it is interesting to project our findings on the
current trends in the automotive industry. For example, the
official website of Mercedes-Benz [14] suggests that they have
four different fragrances to modulate drivers’ well-being, but
not many details are provided. It seems though that these
fragrances are sophisticated blends of odourants. In one of
the recent interviews [31], Annabelle Kanzow-Coffinet, a fra-
grance designer of BMW [7], said that commonly used scents
(e.g. lavender) are “too well known” for a car. She argued
that an in-vehicle scent should be “unbiased”. This statement
makes sense in light of the related work on the perception of
luxury experiences, which says that a luxury product (such
as a high-end vehicle) should provide a unique experience
associated with a unique ritual (as per [25]). With this in mind,
our recommendation is to use peppermint and rose (or scents
of the same arousal and valence levels) as base notes of in-car
fragrances used to increase the driver’s well-being. What it
comes to unpleasant scents (e.g. civet), then car manufacturers
would most likely not want a bad scent to be associated with
their vehicles. It might, however, be that an unpleasant scent
proves itself useful as a warning, motivating its choice as a
suitable stimulus. This requires further investigation though.
Applications Beyond Automotive Context
Our findings can be useful also outside the context of driving
a vehicle, e.g. in such areas as multisensory cinemas, gaming,
VR/AR, desktop applications, and well-being wearables.
For example, if a user has had a very tense VR experience or
watched an aggressive scene of an action movie in a multisen-
sory cinema, they might need a whiff of a pleasant low arousal
scent (e.g. rose) in a transition to a calmer scene. This could
contribute to the research on multimedia synchronisation [47]
or combining visual content with olfactory stimulation [59,
64]. On the contrary, if a player wants to have a richer gaming
experience, content creators could design experiences in such
a way that they regulate or modulate the user’s state using
scents. In such a case, even an unpleasant scent (e.g. civet)
could match some of the situations in a game (as in [27, 1]).
On the other note, a pleasant arousing scent (e.g. peppermint)
could be used to, e.g. improve the user’s well-being while
maintaining their performance in a game (like in [34, 44])
or a desktop application (like in [9, 42]). Finally, in case of
wearable well-being devices [20, 3], if the system detects that
the user is angry, it could deliver a pleasant scent (e.g. rose).
Limitations
In our study, we investigated only one scent per valence and
arousal quadrant. It could be that e.g. the scents of vanilla
and lavender have similar effects as the scent of rose (e.g. as
suggested by [18, 17]), whereas lemon and cinnamon have
similar effects as peppermint (e.g. as suggested by [63, 53]).
Also, our experiment was limited to a lab environment and
a small sample size. Moreover, despite having a racing seat
and a separate screen for the dashboard, our driving simulator
is still quite low-fidelity. The results could have changed if a
higher fidelity simulator was used. Finally, we only had 10
participants per condition which is quite a small sample size.
More participants would be needed to strengthen our findings.
CONCLUSION
It is dangerous to feel angry while driving a car. Anger leads to
aggressive driving behaviour [21] and crashes [26]. The 2018
data from the National Highway Traffic Safety Administration
(NHTSA) [48] suggests that 94% of all road traffic accidents
are caused by driver error. 33% of such accidents could be
linked to behaviours associated with road rage (e.g. driving
too fast, illegal manoeuvre). Therefor, a strategy for changing
anger to a positive or neutral emotion might become crucial in
reducing the number of accidents. Our findings suggest that
pleasant scents (such as rose and peppermint) could be able
to shift the emotion of the driver towards the positive valence.
However, in terms of well-being, it would be necessary to
customise the choice based on the driver’s preferences. From
its properties, the scent of peppermint is more arousing than
rose, however, our interview data provides hints that some
people might find it calming, as peppermint is associated with
comforting experiences. In terms of driving behaviour, our
findings show that an unpleasant scent (i.e. civet) might not
be a good choice for stimulating angry drivers, as it results in
a significantly higher number of collisions. On the contrary,
pleasant scents of rose and peppermint could be able to help
calm the driver down.
FUTURE WORK
In the future, we plan to extend this study by investigating
other common emotions (e.g. anxiety, happiness, normal
state) and scents (e.g. vanilla, lemon, cinnamon). We will also
conduct a power analysis to determine the appropriate number
of participants necessary to expect significant findings.
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